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The  literature  offers  certain  suggestions  that  changes  in  the  dis- 
tribution  of cholesterol may be a  feature of the pathology of tuber- 
culosis. 
CaldweU (1) analyzing tuberculous bovine lymph gland and fiver tissue found 
two to three times the cholesterol content normal for these tissues.  The percent- 
age increase varied with  the degree of caseation.  Jaff6 and Levinson (10) ob- 
served a  marked increase in optically active fat in the tubercles of rabbits fed 
cholesterol in oil solution.  Thus it would seem that there may be an increase of 
cholesterol at tuberculous  loci and  that  the  content of this substance may be 
carried still higher by administration of the substance. 
Bacmeister and Henes (4) found either normal or increased  values for  blood 
cholesterol in tuberculous patients who were doing well and in  good condition, 
while low figures were obtained in the stage of eachexia.  Chauffard,  Laroche, 
and Grigant (5) obtained similar results.  Weltmann (6) found normal cholesterol 
figures in early tuberculosis,  bat low ones in advanced, the amount falling  rapidly 
in acute eases.  Henning (7) obtained practically normal plasma cholesterol values 
when  using  the  non-saponification method  of cholesterol  determination,  while 
with the saponification method he obtained results uniformly much lower.  He 
considered that this indicated the presence, in the blood of tuberculous individuals, 
of some substance other than cholesterol which gives the cholesterol color reaction 
but which is sensitive to alkali.  Sweany, Weathers, and McCluskey (8)  failed to 
find such a marked difference  when using these two methods although the saponi- 
fication  method  gave slightly the lower blood cholesterol values.  This differ- 
ence was not more marked, however, than have been noted (9) on a comparison 
of the two methods in conditions other than tuberculosis.  They found that blood 
cholesterol  values were highest in tuberculous patients who were doing  well and 
.low in patients doing poorly and losing ground. 
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Jaff6 and Levinson (10), using rabbits infected with bovine type tubercle bacilli, 
found that following infection the blood cholesterol began to rise from a normal 
of 80 and 90 mg. per cent to 115 to 130 mg. per cent.  In one animal this high value 
was maintained, while in the other animal it dropped before death to almost the 
original value. 
The authors  cited agree that  the  blood cholesterol is  decreased in 
the more advanced stages of tuberculosis.  In the earlier stages nor- 
mal  or  increased  values have usually  been  found.  This  refers  to 
human beings and to rabbits.  I  have found no reference to  determi- 
nations  of  blood  cholesterol  on  either  the normal  or  tuberculous 
guinea pig. 
The inbred guinea pigs as used by Wright and Lewis (2), and Lewis 
and Loomis (3), are being maintained.  In view of the variations in 
natural  resistance  to  tuberculosis  existing among inbred families of 
guinea pigs, it seemed not impossible that these animals might show 
some differences referable to their cholesterol metabolism.  Dr. Lewis 
has  kindly  put  his  stock  at  my  disposal  for  determinations  of  the 
cholesterol of the blood serum. 
These  experiments  were  therefore  planned  to  determine  the  in- 
fluence, if any, of an infection with the tubercle bacillus of bovine type 
on the cholesterol content of the blood of the guinea pig; and also to 
determine the normal cholesterol content of the blood of the available 
inbred guinea pigs, with particular reference to any familial variation. 
EXPERIMENTAL. 
It was  found that  there was  a  large individual variation in  blood 
cholesterol,  especially  pronounced  with  the  females.  Observations 
were therefore confined to large groups of males. 
Sixteen male guinea pigs from inbred Family 35 and the same  number from 
inbred Family 13 were bled 1 cc. from the heart, and the 16 cc. of blood thus 
obtained was pooled and allowed to clot in the refrigerator.  The clot was later 
broken up and the specimens centrifuged to obtain the serum.  3 cc. quantities 
were used in the determinations, and Bloor's method (9) was employed throughout 
with the modification  that the amounts of alcohol-ether extractive were doubled 
because of the low serum cholesterol values in guinea pig blood.  By using 20 cc. 
of alcohol-ether extract instead of 10 cc., colors readable in the colorimeter could 
be obtained.  The cholesterol value obtained in this way had of course to be RICHARD  F,.  SHOP]g 
TABLE  I. 
61 
Uninfected Animals 
Bled Feb. 4,  1926.  Diet: Hay, oats, and mangels 
Family 
No. 
13 
35 
Separate readings 
m mg, per cent 
59.5 
58.6 
55.8 
Serum daolesterol 
64.6 
64.5 
64.5 
Average  of readings 
m rag. per cent 
58 
65 
Feb. 5, 1926, diet changed to hay and soaked oats daily, cabbage once a week 
Bled Feb. 9, 1926 
13  56 
35 
56 
57 
57 
55 
69 
66 
71 
69 
69 
Bled Feb. 15, 1926 
13  60 
35 
61 
60 
60 
59 
67 
68 
67 
68 
Feb. 18, 1926, infected with 1/10 mg. of a culture of bovine tubercle bacilli (Boy. 14), 
intraperitoneally TABLE  I--Contlnued. 
Infected Animals 
Bled Feb. 23, 1926 
Serum cholesterol 
Family 
No. 
13 
35 
Separate readings 
m  rag. per cent 
58 
58 
63 
66 
Ayerageofreadings 
m  mg. per cent 
58 
64.$ 
Bled Mar.  1,  1926 
13  57 
35 
57 
56 
57 
57 
75 
73 
68 
68 
71 
Bled Mar. 8, 1926 
13  59 
35 
60 
59 
60 
58 
65 
64 
67 
68 
66 
Bled Mar. 18, 1926 
13  59 
35 
59 
59 
60 
59 
67 
67 
68 
68.5 
68 
62 RICHARD  E.  SHOPE 
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63 
Average  for Total Experiment 
Family 35  Family 13 
Before infection ...........  67  rag. per cent  58 rag. per cent 
Mter  "  67  "  "  "  58  "  "  " 
divided  by two.  Each specimen  of serum was run in duplicate and the extractives 
in turn, were run in duplicate in most cases. 
The animals were bled three times at intervals of 5 or 6 days.  Tbey were then 
inoculated intraperitoneally with a virulent culture of the tubercle bacillus of 
bovine type and again bled at intervals of 7 to 10 days after the infection had been 
established.  Animals  killed accidentally while bleeding were replaced, until the 
time of inoculation. 
~ay~ 
.~ .to  5  ~o  ~5  ~o  ~s  ~o  3~  40 
~,"~  65 
.-  - ....................... 
4~ 
C~.ART I. 
The results of the serum cholesterol determinations are  given in 
Table I, and graphically in Chart 1. 
From  these  results  it  is  evident  that  a  tuberculous  infection in 
guinea  pigs  produces  no  marked  change  in  the  serum  cholesterol 
values.  There was no rise at the onset of infection and no terminal 
fall was noted, although at the time of the last bleeding the  animals 
were  losing  weight  rapidly  and  had  begun  dying of  tuberculosis. 
The animals in Family 35 showed uniformly higher serum cholesterol 
values than did the animals in Family 13.  For reasons apart from 
present considerations, the diet was changed after the first bleeding of 
the period prior to infection and the diet then established was main- 
tained throughout.  The change was evidently without effect on the 
cholesterol content of the serum. 
A further series of examinations was now conducted involving guinea 64  CHOLESTEROL IN  SERU~  IN  TUBERCULOSIS 
pigs from each of the four inbred families whose reactions to tubercu- 
lous infection are known.  In this case a  change of diet was also intro- 
duced following the first bleeding and 2 weeks before the second. 
TABLE II. 
Bled Mar. 30, 1926.  Diet:  Timothy hay, oats, and mange.ls 
Family 
No. 
13 
35 
32 
Serum  cholesterol 
Separate  readings  Average  of readings 
m rag.  per cent  m rag.  per cent 
57  57 
57 
66 
66 
64 
61 
49 
51 
66 
62.5 
5O 
Apr. 1, 1926, diet changed to alfalfa hay and oats, cabbage once a week 
Bled Apr. 13, 1926 
13  55 
35 
32 
55 
55 
61 
69 
66 
66 
52 
53 
65 
66 
52.5 
Since  the previous  results  had made  it  apparent  that  tuberculous 
infection produced no changes in the serum cholesterol values in guinea 
pigs,  the  determinations  this  time were  only on  normal,  uninfected 
animals.  Eight male guinea pigs of about the  same weight  and  age 
from  each  family were  used  for  this  experiment  and  the  blood was 
handled in the same way as before.  The results are given in Table II. RICHARD  F.  SHOPE  65 
In this series, guinea pigs of Family 35  again showed a  uniformly 
higher serum cholesterol content than those from Family 13 and the 
values obtained for each family are comparable to those obtained in 
the first experiment.  Guinea pigs of Family 32 have values very close 
to those for Family 35,  while the figures obtained for Family 2  are 
lower than those found for Family 13.  On the basis of serum cho- 
lesterol the order of the families from high to low is 35, 32,  13, 2. 
:,  The substitution of alfalfa for timothy hay in the diet had no appar- 
ent effect on serum cholesterol concentration. 
TABLE  III. 
No. of  s,  ulaca  pi~  Family 
13 
Serum cholesterol 
Separate readings 
in rag. per cent 
35 
50 
48 
50 
52 
63 
58 
59.5 
58 
A  .verage for families 
m rag. per cent 
50 
59.6 
In order to determine how wide might be the individual variations 
among the animals of Families  13  and 35,  serum cholesterol deter- 
minations were run on four male guinea pigs  from each of the two 
families.  8 cc. of blood was drawn from the heart of each animal and 
3  cc.  of serum was used in  the  determination, following  the  same 
method  as  in  the  previous  analyses.  The  results  are  recorded in 
Table III. 
In  this  series of determinations the  serum cholesterol values ran 
uniformly lower than in the preceding series.  This may have been 
due to the fact that  early in May, 2 weeks prior to the bleedings, the 
animals were put on a  succulent diet consisting of freshly cut clover 
and alfalfa.  Practically the same differences prevail between the two 
families although on a lower level.  In the first experiment the aver- 
age values obtained were, for  Family 35, 67  mg.  per cent,  and  for 66  CHOLESTEROL  IN  SERUM  IN  TD-BERCULOSIS 
Family 13, 58 rag. per cent, a difference of 9 mg. per cent.  In this 
series the difference noted in the average of the values is 9.6 rag. per 
cent.  It is also  to be noted that  the individual variation appears 
to be from 4 to 5 mg. per cent.  Comparison with the tables of the 
earlier experiments shows  that this is within the limits of variation 
shown by the separate readings on the same blood sample and indi- 
cates  that  the  individual differences cannot, with  the  technic em- 
ployed, be regarded as significant. 
DISCUSSION. 
The results obtained have interest in several directions.  It is clear 
that the progress of tuberculosis in the guinea pig is not marked by 
changes in  serum cholesterol.  This is in suggestive contrast to the 
observations on the human disease and to the experiments of Jaff6 
and Levinson on the rabbit.  The differences may depend on a dif- 
ferent relationship due  to  species,  but  it  is  also  possible  that  the 
changes found by previous observers, which have been changes in the 
cholesterol content of the whole blood in most cases, may be  due to 
changes in the corpuscles. 
Any changes in diet under controlled conditions, as in Experiments 
1 and 2, were without appreciable influence on the serum cholesterol. 
This was to have been expected since the cholesterol and phytosterol 
concentrations of the interchanged foods were probably not very dif- 
ferent and the change being from one dry food to another the water 
exchange was probably not affected.  The lower values obtained in 
the tMrd series of observations might well be due to the succulent diet 
being fed at the time, or to other seasonal changes. 
The familial differences in serum cholesterol have been consistent 
and are of wide interest.  The families of guinea pigs used had been 
strictly inbred for many generations and may be regarded as homozy- 
gous.  Differences  between them in other respects are pronounced and 
constant.  They relate to such characters as color, conformation, size, 
and fertility, and have been fully discussed by Wright  (11).  The 
concentration of serum cholesterol appears to be a well defined charac- 
ter peculiar to the  family, and hence, considering the nature of the 
animal material, one controlled by the inheritance.  We are familiar ~.Am)  E. SHOPE  67 
with  only one  other  recorded instance  of  an  inheritable  character 
related to a  particular feature of the general metabolism.  Benedict 
(12)  has  described  peculiarities  in  the  purine  metabolism  of  the 
Dalmatian coach hound which have a  similar relationship.  It is of 
importance that our knowledge of similar instances should be multi- 
plied as preliminary to  a  more definite association of genetics with 
physiology and pathology. 
The families of guinea pigs employed for the present work possess 
different levels of natural resistance against infection with the tubercle 
bacillus (2).  Wright and Lewis were led by a  comparison of results 
with crosses between the families to assume that the total of differ- 
ences found must be due to the interrelated operation of three or more 
separately inherited  characters.  The  question  now  arises  whether 
the serum cholesterol content is one of the three or more factors pre- 
dicated by these authors.  The order of familial resistance from high 
to low as found by Wright and Lewis was 35,  2,  32,  13.  The order 
based on the serum cholesterol concentration from high to low is 35, 
32,  13, 2.  These relations make it plain that the cholesterol concen- 
tration  cannot be  the  only factor in  determining the  resistance  to 
tuberculosis, nor can it be the controlling factor. 
SD'~r~ARY. 
1.  Infection  with  tubercle  bacilli  of  bovine  type  produced  no 
alteration in the serum cholesterol content in guinea pigs. 
2.  Certain controlled variations in diet produced no changes in the 
serum cholesterol content in guinea pigs. 
3.  Inbred families of guinea pigs known to manifest differing resist- 
ances to tuberculosis gave differing serum cholesterol values, but no 
direct relationship between the two sets of phenomena could be estab- 
lished. 
4.  It seems probable that in the guinea pig the cholesterol content 
of the blood serum is influenced by inherited factors. 
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